Single-head broccoli production has been increasingly popular among Brazilian olericulture farmers, although there is still little information regarding its nutrition. The aim of this paper was to study dry matter and nutrient uptake rate in single-head broccoli. The experiment was conducted during the period from March to May 2006 in Itatiba, SP, Brazil. The experimental design was completely randomized, with four repetitions. Plant samples were taken at 15, 25, 35, 45, 55, 65 and 75 days after transplanting (DAT), in order to determine leaf, stem and inflorescence dry matter and nutrients in each period. The plant had slow growth until 35 DAT, with little dry matter accumulation, increasing afterwards until the end of crop cycle. The largest dry matter accumulation occurred between 45 and 55 DAT, with an estimated increase of 2,068.75 mg plant -1 day -1 . Nutrient absorption followed the plant dry matter accumulation curve. From its formation, inflorescence becomes the main sink of all nutrients in the broccoli plant. Accumulated nutrients, in decreasing order, were N > K > Ca > Mg > S > P > Fe > > Mn > Zn > B > Cu, respectively.
Introduction
In Brazil, broccoli (Brassica oleracea var. Italica) production has been increasing (IEA, 2015) , as new production and marketing systems have encouraged planting of single-head cultivars, which have better characteristics for industrial processing. Cultivation of these cultivars in Brazil is recent, and lack of information concerning cultural management is observed, with emphasis on plant mineral nutrition, which is an important factor to maximize vegetable yield .
It is known that vegetable species have different nutrient accumulation rates during cultivation Almeida et al., 2012) . In addition, absorbed nutrient amounts may vary according to genotype, farming systems, climatic conditions, soil and other factors, which make fertilizer recommendations adopted by growers inappropriate to new production systems (Castoldi et al., 2009) . Therefore, in order to maximize fertilization efficiency, the nutrient supply must meet the plant demand, both in quantity as in relation to application periods. Otherwise, low efficiency would cause production cost and environmental pollution increases and would reduce the quality of food supplied to the population.
Studies on single-head broccoli nutrition are still incipient and, in the vast majority, assessed the response to the supply of some nutrients (Feller & Fink, 2005; Pizetta et al., 2005) , while studies related to nutrient uptake rate are rare and outdated (Rincon et al., 1999) . Therefore, it is necessary to create new knowledge about the growth and nutrient accumulation of new materials available on the market, in order to make the most out of their genetic potential. Rincon et al. (1999) observed continuous growth and nutrient accumulation during 'Marathon' broccoli cultivation cycle, obtaining a yield of 19.2 t ha -1 . The authors found maximum accumulation of 243.9; 28.7; 240.9; 221.3 and 23 kg ha -1 , respectively, for N, P, K, Ca and Mg, at 87 days after transplantation.
In this context, the aim of this paper was to study dry matter and nutrient uptake rate in singlehead broccoli.
Material and methods
The experiment was conducted in field, in a farm located in Itatiba, SP, 23 o 52'45'' S, 46 o 55'03'' W coordinates, elevation of 590 meters. In the experiment period, from March 6 to May 20, 2006, accumulated rainfall was 109.1 mm, and average, average of minimum and average of maximum temperatures were 21.7, 16.5 and 28.4 °C, respectively.
The experimental area soil corresponded to a Yellow Oxisol, according to classification by Embrapa (2006) . Soil sampling was carried with an auger, and 20 single samples were collected in depths from 0 to 0.2 m, subsequently forming a composite sample. Chemical analysis results were, as follows: pH(CaCl 2 ) of 5.8; O.M. = 16 g dm ; S = 24 mg dm -3 ; B = 0.55 mg dm -3 ; H+Al = 18 mmol c dm -3 ; T = 56.7 mmol c dm -3 and V = 68%. Liming was done by distributing limestone in the total area through harrowing, 60 days before transplantation, in an amount enough to increase soil base saturation to 80%, as recommended by Trani et al. (1997) . For planting fertilization, 60 kg ha -1 N, 400 kg ha -1 P 2 O 5 and 180 kg ha -1 K 2 O were applied, and urea, single superphosphate and potassium chloride were used as sources. Organic fertilizer was not applied. Through topdressing, 170 kg ha -1 N and 120 kg ha -1 K 2 O were applied, split in three applications at 15, 25 and 45 days after transplanting (DAT). Boron (boric acid) and molybdenum (ammonium molybdate) were applied in foliar sprays, according to Trani et al. (1997) , in concentrations of 0.1% and 0.05%, respectively, at 15, 25 and 40 DAT for boron and at 15 and 40 DAT for molybdenum.
The experiment was conducted in a completely randomized design, with four repetitions.
The cultivar used was the Monaco F 1 hybrid. Sowing was conducted in 128-cell polystyrene trays containing Plantmax substrate, placing one seed per cell. Transplanting to the field was conducted in furrows opened directly into the soil, dispensing seedbed. Transplantation was carried out when seedlings had four leaves.
Irrigation was carried out by sprinkler system. During the experiment, weed control was carried out with manual weeding. There were fungicide and insecticide applications, as recommended for the crop.
In order to assess plant nutritional status, sampling was conducted as recommended by Trani & Raij (1997) , collecting the newly developed leaf at the beginning of inflorescence. Leaves were washed using the following order: water; deionized water + 5 ml L -1 neutral detergent; deionized water + 0.01 mol L -1 HCl; and deionized water. Afterwards, leaves were dried in a forced air circulation oven at a temperature of 65 o C  1 o C for five days. The grounded material was digested according to the methodology described by Bataglia et al. (1983) , in order to determine nutrient content.
The experimental design was completely randomized, with four repetitions, consisting of treatments in the seven sampling dates, at 15, 25, 35, 45, 55, 65 and 75 DAT. In each period, leaf, stem and inflorescence of three plants per repetition were separated, washed and dried, as described above. Subsequently, plant parts were weighed to obtain dry matter, and procedures to determine the nutrient content in every plant part and sampling period were conducted, following methods described by Bataglia et al. (1983) .
Nutrient amounts in the plant parts of each assessed period were obtained by multiplying the plant part dry matter by the nutrient content obtained in that part. Nutrient amounts in the inflorescence were considered as nutrient export.
Regression studies were conducted for dry matter and nutrient accumulation according to evaluation periods, opting for the significant equation with the highest determination coefficient.
Results and discussions

Dry matter accumulation
The post-transplant period, until inflorescence harvest, was of 75 days, with yield of 22.08 t ha -1 . Broccoli plants showed slow growth, with small dry matter accumulation up to 25 DAT, which was intensified from this period. At the end of the crop cycle, 44.4; 14.5 and 32.6 g plant -1 of leaves, stem and inflorescence were found, respectively (Figure 1 ), corresponding to 48.5; 15.8 and 35.6% of total dry matter, respectively. The largest dry matter accumulation in the whole plant occurred in the period between 45 and 55 DAT, with an estimated growth rate of 2,068.75 mg plant -1 day -1 . The growth behavior aforementioned has been observed in other brassicas, which showed reduced dry matter accumulation in the initial period of vegetative growth (Castoldi et al., 2009; Gondim et al., 2011) .
Leaf and stem dry matter accumulation had three periods regarding length and magnitude. The first period was characterized by dry matter slow accumulation in both organs, which occurred between 15 to 25 and 15 to 35 DAT, respectively (Figure 1 ), while the second period was characterized by higher dry matter accumulation. In the leaf, the second period took place from 25 to 45 DAT, with 36.75 g plant -1 , corresponding to 82.8% of the accumulated total and to a daily accumulation increase of 2,539.42 mg plant -1 . In the stem, the second period was from 35 to 65 DAT, with 10.52 g plant -1
, corresponding to 72.6% at the end of the growing cycle and to an estimated growth rate of 414.98 mg plant -1 day -1 . Finally, the third dry matter accumulation period lasted 30 days in the leaf (45-75 DAT) and 10 days in the stem (65-75 DAT), with small matter accumulation in both organs (Figure 1) . On the other hand, inflorescence dry matter had only two growth periods, with 10 days of duration each. The first period occurred between 55 and 65 DAT, with small dry matter accumulation (Figure 1 ). During the second period (65 to 75 DAT), 25.34 g plant -1 was accumulated, equivalent to 77.7% of the total accumulated at the end of the cycle (Figure 1) . With the beginning of inflorescence formation (55 DAT), leaves decrease dry matter accumulation rate, demonstrating that after the reproductive period starts, photoassimilates are preferably translocated to flowers and fruits, which become the main plant sinks (Castoldi et al., 2009) . Therefore, from that moment, plant dry matter accumulation will be determined by the species reproductive organ growth rate, as observed in this study, which had a growth rate of 2,533.84 mg plant -1 day -1 .
Nutrients Accumulation
Nitrogen
N was the most accumulated nutrient in broccoli plants (4,374.85 mg plant -1 ), and the periods of highest demand were similar to those of dry matter accumulation (Figure 1) . Thus, nutrient accumulation was slow until 25 DAT, and there was greater accumulation in the period between 35 to 45 DAT due to leaf dry matter increase, as approximately 45% of the total N found in the plant was on the leaf (Figure 2 ). N accumulation on the leaf was due to the large participation of this nutrient in chlorophyll and Rubisco structures, organelle and enzyme that are essential in the photosynthetic process (Feller et al., 2008) .
Subsequently, from 55 DAT, N accumulation in plant leaves and stems virtually ceased, while N accumulation occurred predominantly in the inflorescence, which reached 46% of the accumulated total at the end of the cycle (Figure 2) . During inflorescence development, N accumulated amount increased exponentially, and it was verified that the period of highest extraction was between 65 to 75 DAT. Feller & Fink (2005) and Seabra Júnior et al. (2013) stated that N deficiency in broccoli predisposes plants to diseases and affects normal growth and inflorescence development. On the other hand, N should not be provided in excess, as it may be as harmful as deficiency (Reager et al., 2006) . Considering the population density of 38,095 plants ha -1 , N export was of approximately 76.6 kg ha -1 . It is appropriate to take into account the high N demand from the beginning of head formation until broccoli harvest in crop planning and fertilization, in order to provide the nutrient in appropriate forms and amounts. Thus, in the present study, it was shown that, due to large N uptake during vegetative and reproductive periods, planting fertilization and topdressing, as Trani & Raij (1997) and Feller & Fink (2005) observed, are extremely important for the crop.
Phosphorus
As seen in several plant species (Grangeiro et al., 2007; Castoldi et al., 2009; Almeida et al., 2012) , P was the macronutrient accumulated in the lowest amount, surpassed even by S. However, it was continuously required until the end of cultivation, reaching the maximum estimated value of 202.67 mg plant -1 at 75 DAT ( Figure 3) . P plays roles in plant energy metabolism and is present in nucleic acid (DNA) structures. Thus, although it is absorbed in low amounts, its presence is essential for normal growth and crop development. Furthermore, according to Hawkesford et al. (2012) , P plays metabolic functions that are important for cell development during the initial cultivation period, and is important for root system expansion.
At 55 DAT, when inflorescence emerged, leaves and stem reached about 40 and 15%, respec-tively, of the total accumulated on these parts at the end of cycle. Between 55 DAT until harvest, inflorescence was the main P sink, since this nutrient was no longer accumulated in the leaf (Figure 3) , with exponential P allocation to the inflorescence. In a few days, inflorescence accumulated approximately 45% of the total accumulated in the plant, which was similar to the export observed in cauliflower inflorescence (Castoldi et al., 2009) .
Potassium
K was the second most accumulated nutrient by broccoli, with an estimated maximum accumulation of 3,341.56 mg plant -1 at 75 DAT. In the vegetative period (up to 55 DAT), leaves and stem accumulated 2,573.99 mg, equivalent to 77% of the total accumulated by broccoli at the end of cycle. In leaves, K participates in stomatal regulation through guard cell opening/locking (Schroeder et al., 2001) , which allows for fixing CO 2 from the atmosphere for photosynthesis. In the stem, K is found in high amounts due to its high mobility and participation in photoassimilate translocation in the phloem (White, 2012) .
The period of highest K demand by broccoli was at 35 to 55 DAT (Figure 4) . At the end of cycle, leaf, stem and inflorescence accounted for approximately 35%; 37% and 28% of the total K accumulated by the plant. High K accumulation by plants may be associated to its absorption and use as free cation (K + ), once that the nutrient is not metabolized (Hawkesford et al., 2012) . Thus, K controls cell osmotic gradient through plasma membrane; cell cytosol homeostasis; and its participation as enzyme activator (Britto & Kronzucker, 2008) . When the reproductive period began, inflorescence became the main K sink (Figure 4 ). However, it was observed that the relative participation of this nutrient in the reproductive organ was lower than that observed for N and P.
According to the obtained values and a density of 38,095 plants ha -1 , K export is of approximately 35.6 kg ha -1 , about 28% of the total accumulated by the plant. Ca was the third most absorbed nutrient, reaching the total amount of 1,567.13 mg plant -1 at the end of cycle, with the highest increase between 25 and 45 DAT ( Figure 5 ), due to the vegetative growth. Similar behavior was verified by Castoldi et al. (2009) and Rincon et al. (1999) in cauliflower and broccoli, respectively.
At the end of cycle, leaves accumulated an amount equivalent to approximately 83% of the total Ca in the whole plant, while stem and inflorescence accumulated only 8 to 9% of the total, respectively. Low accumulation by stem and inflorescence can be explained by nutrient translocation via plant transpiration stream (Hawkesford et al., 2012) and by its low phloem mobility. Thus, its redistribution from leaves to other organs, such as inflorescence, is very limited (White, 2012) . Inflorescence strength as sink on Ca partition absorbed by plants is low, and its deficiency is initially perceived in plant young leaves (Bianco et al., 2015) .
Thus, Ca export by broccoli occurred mainly in the last 10 days of cultivation (65-75 DAT), reaching 5.4 kg ha -1 , lower than N and K exported amounts and higher than P. 
Magnesium
At the end of the cultivation cycle, Mg accumulated was of 326.08 mg plant -1 with increased demand between 25 and 55 DAT ( Figure 6 ), which was similar to that observed for N. It was observed that the period of highest Mg uptake was associated with leaf dry matter increase (Figure 1) , which can be explained by Mg involvement in chlorophyll structure and enzymatic reactions (Verbruggen & Hermans, 2013 ) that control photosynthetic and phosphorylative processes, and organic compound and protein synthesis (Hawkesford et al., 2012) . The result observed is in accordance with that verified for 'Verona' cauli-flower by Castoldi et al. (2009) , who observed large initial Mg accumulation due to leaf expansion, followed by accumulation decrease when the plant reached the reproductive stage.
In Figure 6 , it is observed that Mg accumulation was initially controlled by leaf growth, with daily increases of 10.07 mg plant -1 , and a small contribution from plant stem. At the end of cultivation cycle, both organs accumulated about 55 and 19% of total Mg absorbed, respectively, to the leaves and stem.
Subsequently, in the reproductive period, inflorescence became the main Mg sink, exporting approximately 3.2 kg ha -1 at 75 DAT, which is equiv- In the leaf, there was higher nutrient accumulation in the period between 25 and 45 DAT, that is during the second period in the leaf dry matter accumulation curve (Figure 1 ). During this period, the organ had a daily growth rate of 6.55 mg plant -1 , contributing with 47% of the total S accumulated in the broccoli plant at the end of crop cycle. Several S functions may explain the leaf accumulation behavior. However, in Brassicas species, high S presence has been observed as part of glucosinolates, compounds formed from the plant secondary metabolism, which are concentrated in small amounts in leaf cells and seeds (Hawkesford et al., 2012) .
In the stem, the highest S accumulation was observed between 35 and 65 DAT, although in a much lower amount than that observed in the leaf, with a growth rate of 0.96 mg plant -1 day -1 , contributing to 15% of total S accumulated in the plant at the end of crop cycle. Inflorescence, as well as for all macronutrients, became the main S sink from 55 DAT, representing 38% of the total accumulated in the plant at 75 DAT, with the highest accumulation in the last 10 days (Figure 7) , when the highest S daily increase was observed, 7.83 mg plant -1 . Thus, in relative terms, S was the third most exported macronutrient by the crop, shortly after N and P. 
